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Abstract 

This study investigates the influence of the fourth generation quarks on the total 
branching ratio and the single lepton polarizations in — > decay. Taking 

I Vt'sVt'fel ~ {0.01 — 0.03} with phase just below 90°, which is consistent with the h — > 
sl'^i!.~ rate and the Bg mixing parameter Am^^, we obtain that the total branching 
ratio and the single lepton(;^, r) polarizations are quite sensitive to the existence 
of fourth generation. It can serve as a good tool to search for new physics effects, 
precisely, to search for the fourth generation quarks (t', h'). 

PACS numbers: 12. 60.-1, 13.30.-a, 14.20.Mr 



*e-niail: bashiry@ipm.ir 

t e-mail : kazizi@newton. physics . metu . edu . tr 



1 Introduction 



Although the standard model (SM) of electroweak interaction has very successfully de- 
scribed all existing experimental data, it is believed that it is a low energy manifestation 
of some fundamental theory. Therefore, intensive search for physics beyond the SM is now 
being performed in various areas of particle physics. One possible extension is SM with 
more than three generations. 

The mass and mixing patterns of the fundamental fermions are the most mysterious 
aspects of the particle physics. Even the number of fermion generations is not fixed by the 
Standard Model(SM). In this sense, SM may be treated as an effective theory of fundamental 
interactions rather than fundamental particles. The Democratic Mass Matrix approach [1], 
which is quite natural in the SM framework, may be considered as the interesting step in 
true direction. It is intriguing that Flavors Democracy favors the existence of the fourth 
SM family [2, 3, 4]. The main restrictions on the new SM families come from experimental 
data on the p and S parameters [4]. However, the common mass of the fourth quark (m^/) 
lies between 320 GeV and 730 GcV considering the experimental value of p = 1.0002lQ;gQQ4 
[5]. The last value is close to upper limit on heavy quark masses, iriq < 700 GcV ~ 4mf, 
which follows from partial- wave unitarity at high energies [6]. It should be noted that with 
preferable value a ^ Flavor Democracy predicts mf ~ Sm^^ 640 GeV. The above 
mentioned values for mass of m^/ disfavors the fifth SM family both because in general we 
expect that rrit <^ m^/ <^ m^// and the experimental values of the p and ^S" parameters [4] 
restrict the quark mass up to 700 GcV. 

Moreover, Democratic Mass Matrix approach provides, in principle, the possibility to 
get the small masses [7] for the first neutrino species without see-saw mechanism. The 
fourth family quarks, if exist, will be copiously produced at the LHC [8]. Then the fourth 
family leads to an essential increase in Higgs boson production cross section via gluon fusion 
at hadron colliders [9]. 

One of the efficient ways to establish the existence of four generation is via their indirect 
manifestations in loop diagrams. Rare decays, induced by flavor changing neutral current 
(FCNC) b — > s{d) transitions is at the forefront of our quest to understand flavor and the 
origins of CPV, offering one of the best probes for New Physics (NP) beyond the Standard 
Model (SM). Several hints for NP have emerged in the past few years. For example, a large 
difference is seen in direct GP asymmetries in B ^ Kn decays [10], 

Axn = Acp{B^ fsr+TT") = -0.093 ± 0.015, 

Ak^" = Acp{B+ ^ K^TT^) = +0.047 ± 0.026, (1) 

or AAktt = -AkttO — Ak-k = (14 ±3)% [11]. As this percentage was not predicted when flrst 
measured in 2004, it has stimulated discussion on the potential mechanisms that it may 
have been missed in the SM calculations [12, 13, 14]. 

Better known is the mixing-induced CP asymmetry Sf measured in a multitude of 
CP eigenstates /. For penguin-dominated h sqq modes, within SM, Sgqq should be 
close to that extracted from b ccs modes. The latter is now measured rather precisely. 
Sees = sin 201 = 0.674 ± 0.026 [15], where 0i is the weak phase in Vta- However, for the 
past few years, data seem to indicate, at 2.6 cr signiflcance, 

AS = S,gg - Sees < 0, (2) 



which has stimulated even more discussions. 

Flavor-changing neutral current (FCNC) b s{d)C.^Cr decays provide important tests 
for the gauge structure of the standard model (SM) at one-loop level. Moreover, h — > 
s{d)£'^£~ decay is also very sensitive to the new physics beyond SM. New physics effects 
manifest themselves in rare decays in two different ways, either through new combinations 
to the new Wilson coefficients or through the new operator structure in the effective Hamil- 
tonian, which is absent in the SM. One of the efficient ways in establishing new physics 
beyond the SM is the measurement of the Icpton polarization in the inclusive b — >■ s{d)£~^£~ 
transition [16] and the exclusive B ^ K{ K*, p, 7) i+i" decays [17]-[25]. 

In this paper we investigate the possibility of searching for new physics in the heavy 
baryon decays A5 M^l~ using the SM with four generations of quarks(6', t'). The fourth 
quark (t'), like -u, c, t quarks, contributes in the b s{d) transition at loop level. Note that, 
fourth generation effects have been widely studied in baryonic and semileptonic B decays 
[26]-[39]. But, there are few works related to the exclusive decays A;, — > AZ+Z~. 

The main problem for the description of exclusive decays is to evaluate the form factors, 
i.e., matrix elements of the effective Hamiltonian between initial and final hadron states. It 
is well known that in order to describe baryonic A5 Ai^i~ decay a number of form factors 
are needed (see for example [40]). However, when heavy quark effective theory (HQET) is 
applied, only two independent form factors appear [41]. 

It should be mentioned here that the exclusive decay A;, — > Ai'^i" decay rate, lepton 
polarization and heavy(Ab) or light (A) baryon polarization (readily measurable) is stud- 
ied in the SM, the two Higgs doublet model and using the general form of the effective 
Hamiltonian, in [40], [42] and [43]-[46], respectively. 

The sensitivity of the forward-backward asymmetry to the existence of fourth generation 
quarks in the Aj, — > At^l" decay is investigated in [39] and it is obtained that the forward- 
backward asymmetry is very sensitive to the fourth generation parameters (m^/, Vt'bV^g ). 
In this connection it is natural to ask whether the total branching ratio and the Icpton 
polarizations are sensitive to the fourth generation parameters, in the "heavy baryon — > 
light baryon decays. In the present work we try to answer to this question. 

The paper is organized as follows. In section 2, using the effective Hamiltonian, the 
general expressions for the longitudinal, transversal and normal polarizations of leptons 
are derived. In section 3 we investigate the sensitivity of these polarizations to the fourth 
generation parameters (mj/, Vt'hV^g ). 



2 Lepton polarizations 

The matrix element of the A;, — > At^i' decay at quark level is described by 6 — > st^i" 
transition for which the effective Hamiltonian at 0(/i) scale can be written as 

AC ^° 

where the full set of the operators Oi{/j) and the corresponding expressions for the Wilson 
coefficients Cj(/i) in the SM are given in [47]-[49]. As it has already been noted , the 
fourth generation is introduced in the same way as three generations in the SM, and so new 



operators do not appear and clearly the full operator set is exactly the same as in SM. The 
fourth generation changes the values of the Wilson coefficients Cjlfi), Cglfi) and Cio(/i), via 
virtual exchange of the fourth generation up type quark t'. The above mentioned Wilson 
coefficients will modify as 

XtQ ^ AtCf ^ + Xt'Cr"" , (4) 

where A/ = Vfj^Vfs. The unitarity of the 4x4 CKM matrix leads to 

A„ + Ac + At + Xf = 0. (5) 

Since A^ = KTb^s very small in strength compared to the others . Then At ^ —Ac — Xf 
and Ac = V^Vcs ~ 0.04 is real by convention. It follows that 

AtCf ^ + At'Cr" = AcCf ^ + At. {Cr^" - Cf (6) 

It is clear that, for the mf — > rrit or Xf —>■ 0, Xt'{C^'^^ — Cf^) term vanishes, as required 
by the GIM mechanism. One can also write Cj's in the following form 

cr\^i) = cf^(/.) + ^c— (/.) , 

where the last terms in these expressions describe the contributions of the t' quark to the 
Wilson coefficients. Xf can be parameterized as : 

Xf = V;,Vfs = rsbe''^^" (8) 

In deriving Eq. (7) we factored out the term V^lVts in the effective Hamiltonian given 
in Eq. (3). The explicit forms of the C^^'^ can easily be obtained from the corresponding 
expression of the Wilson coefficients in SM by substituting rrit rrit' (see [47, 48]). If the s 
quark mass is neglected, the above effective Hamiltonian leads to following matrix element 

for the b — >• si~^i~ decay 



Ga 



(9) 



where — (pi + ^2)^ and pi and p2 are the final leptons four-momenta. The effective 
coefficient Cg°* can be written in the following form 

Ci°' = C, + Y{s) , (10) 





C2 


C3 


C4 


C5 


Ce 


qSM 


qSM 


r<sM 


-0.248 


1.107 


0.011 


-0.026 


0.007 


-0.031 


-0.313 


4.344 


-4.669 



Table 1: The numerical values of the Wilson coefficients at fi — nib scale within the SM. 
The corresponding numerical value of C° is 0.362. 

where s' = q^/rn^ and the function Y{s') contains the contributions from the one loop 
matrix element of the four quark operators. A perturbative calculation leads to the result 
[47, 49], 

Yper{s') = 5(^c,s')(3Cl + C2 + 3C3 + C4 + 3C5 + C6) 

- ^^(1,S')(4C3 + 4C4 + 3C5 + C6) 

- 1^(0, s')(C3 + 3C4) + ^(3^3 + C4 + 3C5 + Ce) , (11) 

where rhc — The explicit expressions for g{rhc., s'), g{0, s'), ^'(1, s') and the values of Cj 
in the SM can be found in Table 1 [47, 49]. 

In addition to the short distance contribution, l^er(s') receives also long distance con- 
tributions, which have their origin in the real cc intermediate states, i.e., J/ip, ip', ■ ■ ■. The 
J/tjj family is introduced by the Breit-Wigner distribution for the resonances through the 
replacement [50]-[52] 

where C^^^ = 3Ci + C2 + 3C3 + C4 + 3C5 + C%. The phenomenological parameters Ki can 
be fixed from B{B K*Vi K*i+i-) = B{B K*V^B{Vi £+£-), where the data 
for the right hand side is given in [53]. For the lowest resonances J/ijj and ijj' one can use 
K = 1.65 and k. = 2.36, respectively (see [54]). 

The amphtude of the exclusive — > Ai'^i~ decay can be obtained by sandwiching Heff 
for the b — > si'^i~ transition between initial and final baryon states, i.e., (A \Heff \ A{,). It 
follows from Eq. (9) that in order to calculate the A^ — > Ai'^i^ decay amphtude the 
following matrix elements are needed 

(A|s7^(1:F75)&| Aft) , 

(A|s(7^^(1:F75)6|A6) , 

{A\s{lT^,)b\A,) . 

Explicit forms of these matrix elements in terms of the form factors are presented in [43] 
(see also [40]). The matrix element of the A^ — > Ai'^£~ can be written as 

G { 

M = £7'^£fZA[>li7M(l +75) +Si7m(1 - 75) 



+ ia^,q''[A2{l + 75) + ^2(1 - 75)] + ?m[^3(1 + 75) + ^3(1 - 75)] 



+ i^^.iuA Ei7^(l - 75) + ia^,q''E2il - 75) + ^3g^(l - 75)] 



b < ' 



(13) 



where P = pa;, + Pa- Explicit expressions of the functions Ai, Bi, and Ei {i = 1,2,3) are 
given as follows [43] : 



^1 = 

A2 = 

A^ = 

Si = 

B2 = 

S3 = 

^1 = 

-E'2 = 



tot 



Arab 

^A, 

AmbTriA 



tot 



tot 



2(Fi + V^F2) C*°* 

2-^2 ^tot 



F2CI; 



tot 



tot 



2(Fi + v^F2) Qo 



2-^2 ^tot 



10 



(14) 



Prom the expressions of the above-mentioned matrix elements Eq. (13) we observe that 
Aft — > decay is described in terms of many form factors. When HQET is applied 

to the number of independent form factors, as it has aheady been noted, reduces to two 
[Fy and F^) irrelevant with the Dirac structure of the corresponding operators and it is 
obtained in [41] that 



(A(pa) |sr6| A(paJ) = UA Fy{q^)+ ^F2(g2) Tua, , 



(15) 



where T is an arbitrary Dirac structure, = /^a^ is the four-velocity of A^, and 
q = pAj, — Pa is the momentum transfer. Comparing the general form of the form factors 
with (16), one can easily obtain the following relations among them (see also [40]) 

9i = fi = fl = gl = F, + ^rF2 , 

^ IT" 



«/2 = /2 = = /a = = /t = 



^Ai, 



^1 = /I = , 



9{ = a 



T 



rnAt 



2 2 
-Q 



T 
93 



fl 



^A, 
^A, 



{rriA, + ^a) , 



(mAj - niA) , 



(16) 



where r = m\/m\ . 

Having obtained the matrix element for the A;, — > M^l~ decay, we next aim to calculate 
lepton polarizations with the help of this matrix element. We write the spin four-vector 
in terms of a unit vector along the momentum in its rest frame as 



P 



me. 



Ee + me 



(17) 



and choose the unit vectors along the longitudinal, normal and transversal components of 
the £~ polarization to be 



\P~\ 



Pa X 
\Pa X P~ I 



(18) 



respectively, where and p/^ are the three momenta of and A, in the center of mass 
frame of the £^£^ system. Obviously, p~^ = —p~ in this reference frame. 

The differential decay rate of the A^ — >■ A£^i~ decay for any spin direction ^ ^ can be 
written as 



ds 



1 /dr' 

2 I 



1 + P^e^ + P^e^ + P^e^ ■ ^ 



(19) 



where {dr/ds)Q corresponds to the unpolarized differential decay rate, s = q'^/m\^ and 
P^, P/v Pt represent the longitudinal, normal and transversal polarizations of 
respectively. The unpolarized decay width in Eq. (19) can be written as 



'dT 
ds 



(20) 



where A(l, r, s) = 1 + + — 2r — 2s — 2rs is the triangle function and v — ^Jl — 4mj/q'^ 
is the lepton velocity. The explicit expressions for % and 7^ are given by: 

To = Aml^[8mjml^s{l + r - s)\E3\^ + 16mjmA^^/¥il - r + s)Re[ElE3\ + 
8i2mj + mlj){{l -r + s)mA^v^Re[A*A2 + BIB2] - 
mA,{l - r - s)Re[AlB2 + A^Bi] - 2y^{Re[AlBi] + mljRe[AlB2])} + 



2(4m|(l + r - s) +m 
2m\ (4m 



- r) — s 
+ mls 



X+ {1 + r - s)s 
2(4m|(l + r-s)-ml^ [(1 - - s^])\Ei\'' + 
(4(1 - r + s)v^Re[^*^2] - 



A,\'+\B,\') + 
{l-rr-s']){\A2\' + \B2\')- 



2m X sv 



(21) 



T2 = -8miyx(\Ai\^ + \Bi\^ + \Ei\^ - ml^s{\A2\^ + \B2\^ + \E2\^)). 



(22) 



The polarizations Pl, Pn and Pt are defined as: 



pW. 2x _ ds ' ' ds ' ' 

y'i ) - dv ^ dv ^ 

where i = L,N,T. Pi and Pt arc P-odd, T-even, while Pn is P-cvcn, T-odd and CP- 
odd. The explicit forms of the expressions for the longitudinal Pl, transversal Pt and 
normal Pjv lepton polarizations are as follows: 

pr ^ {-32meml^v(l-Vr)[s-{l + Vr)^]Re[ElFi]±128rnXjvy/rRe[AlEi] 
T64mi^ Vr(l - r + s)svRe[BlE2 + B*Ei] ± 128mlj\VrRe[A*E2\ 
-16m\jv[s - (1 + v^)']Re[F*P2 + 2m^ E^F^] 
±64mi^s^;(l - r - s)Re[AlE2 + A*Ei] 
64 

T^^lA^ + + - 2) + s(l - 2s)]Re[P*Ei] 

T^mi^^;s[2 + r(2r - 4 - s) - s(l + s)]Re[S2*£;2]}/(ro(s) + ir2(s)), (23) 

Pf = {- IGnme ml^V§\{\Ai\^ - \Bi\'^) + 327imi m\^VI\Re[AlB2- AlBi] 

^IQiTmi mi^VJX Re[AlE3 - AlEi] ^ 4:7imi^VIX{l + ^/r) Re[{Ai + Pi)*P2] 

+167rm^ m\^\fl\{l - r){\A2\^ - \B2\^) T 167rm^ ^l/f^^ ~ r)Re[S*£;i] 

+ 167rm^ m^^v^ Re[2A*A2 - 25*^2 T BIE3 T B^Ei] 

±4nml^sVIx{Re[{A2 + B2TF2] + 4m^ Re[B;E^]} (24) 
+47rmi^sv^ v'Re[£;2*Fi] - 47rmi^v^ v\l + V^)Re[ElFi]} / (%{s) + ^T2{s)), 



pr ^ I ^ IQTrme ml^vv^ Im[P*£;i] ± Idnme mi^v^/I\ lm[A*2Ei - AlE2\ 
-47r m\^vV§X{l + V^) Im[±(Ai + Pi)*Pi + EIF2] + 4m£ Im[P2*^3] 
±167rm^ mi^t;yiA(l - r) lm[P*E2] + 47r ml^vsVIX lm[±(A2 + ^2)*^^! + ^2^2] 

-167rm^ mi^^;V^ Im[£;2*(± + £^1) + El{± B2 + Es)]} / {%{§) + ^r2(s))(25) 

where the -(+) sign in these formulas corresponds to the particle (antiparticle), respectively. 

It follows from Eq. (23) that the difference between P£ and P/, in massless lepton 
case, is the same as SM with three generations because it depends on form factors Pi and 
P2 . Again in the same way, in massless lepton case, the difference between P^ and P^ 
depends on fourth generation CP violation phase(0sb) and Tgh- We get the result of SM 
with three generations if (psb is zero. 





F(0) 


ap 


bp 




0.462 


-0.0182 


-0.000176 


F2 


-0.077 


-0.0685 


0.00146 



Table 2: Transition form factors for — > A£+£ decay in the QCD sum rules method. 

Combined analysis of the lepton and antilepton polarizations can give additional infor- 
mation about the existence of new physics, since in the SM, P£" + = 0, + — 
and P^ — PjT ~ (in mn — > limit). Therefore, if nonzero values for the above mentioned 
combined asymmetries are measured in the experiments, it can be considered as an unam- 
biguous indication of the existence of new physics. But looking at Eq. (23), we see that 
Pi + is the same as SM result in — > limit. Therefore, in order to look for fourth 
generation effects we can look at P^ -\- P^ and — P^ in — > hmit. The nonzero 
values of above mentioned quantities will indicate the existence of fourth generation effects. 



3 Numerical analysis 

In this section we will study the dependence of the total branching ratio and lepton po- 
larizations as well as combined lepton polarization to the fourth quark mass(mt/) and the 
product of quark mixing matrix elements {V^*iyt's — Tsbe^^"^)- The main input parameters 
in the calculations are the form factors. Since the literature lacks exact calculations for the 
form factors of the A5 ^ A transition, we will use the results from QCD sum rules approach 
in combination with HQET [41, 55], which reduces the number of quite many form factors 
into two. The s dependence of these form factors can be represented in the following way 

) - ^ TT — 2 ' 

1 — aps -\- bps 

where parameters Pi(0), a and b are listed in Table 2. 

We use the next-to-leading order logarithmic approximation for the resulting values of 
the Wilson coefficients Cg^'^ , C-j and Cio in the SM [56, 57] at the re-normalization point 
IJ, = rrih. It should be noted that, in addition to short distance contribution, Cg-^^ receives 
also long distance contributions from the real cc resonant states of the J/ip family. In the 
present work we do not take the long distance effects into account. The input parameters 
we used in this analysis are as follows: 

tua, = 5.624GeV, niA = 1.116GeV, rm, = 4.8GeV, = 1.35GeV, = 1.778GeV, 

= 0.105GeV, Ac = 0.045, a'^ = 129, Gp = 1.166 x lO^^GeV-^ 
In order to perform quantitative analysis of the total branching ratio and the lepton polar- 
izations the values of the new parameters(mt', rgb, (psb) a-re needed. Using the experimental 
values of P — Xg'j and B Xsi~^i~, the bound on Vgi, ~ {0.01 — 0.03} has been ob- 
tained [31] for (psb ~ {0 — 27r} and m^/ ~ {300, 400} (GeV). We are doing complete analysis 
about the range of the new parameters considering the recent experimental value of the 
Br{B Xsi'^i' = (1.59 ± 0.5) X 10-^) [10]. Right now, we have obtained that in the case 





0.005 


0.01 


0.02 


0.03 


mt'{GeV) 


511 


373 


289 


253 



Table 3: The experimental limit on mf for (psb — 7r/2 



of the la level deviation from the measured branching ratio the maximum values of rrit' are 
below than the theoretical upper limits The results shown in Table 3 [58] . In the foregoing 
numerical analysis we vary rrit' in the range 175 < nif < 600GeV. The lower range is 
because of the fact that the fourth generation up quark should be heavier than the third 
ones(mt < mt') [4]. The upper range comes from the experimental bounds on the p and S pa- 
rameters of SM, which we mentioned above(see Introduction). We took Vsb ~ {0.01 — 0.03} 
with phase around 90° (0^6 ^ 90°), which are consistent with the b — > si'^i' rate and the 
Bs mixing parameter AmB^[26, 59]. 

Before performing numerical analysis, few words about lepton polarizations are in order. 
Prom explicit expressions of the lepton polarizations one can easily see that they depend on 
both s and the new parameters(mt/, r^b). We should eliminate the dependence of the lepton 
polarization on one of the variables. Wc eliminate the variable s by performing integration 
over s in the allowed kinematical region. The total branching ratio and the averaged lepton 
polarizations are defined as 

Br = / -prds, 

J4mj/ml^ as 
f(l-v^)^ pdBj- 

{P^) = -^^^ ■ (26) 



The dependence of the total branching ratio and lepton polarizations y , (^Prp 

Pi^'^, (^Pt — Pt'} {Pn + Pn} oil the new parameters(mt/, rgb) are shown in Figs (1)- 
(9). From these figures we obtain the following results. 

• Br strongly depends on the fourth quark mass(mt/) and the product of quark mixing 
matrix elements (r^b) for both fi and r channels. Furthermore, for both channels, Br 
is an increasing function of both mf and rsb- 



• Although, \Pl/ ^iid (^Pt) strongly depends on the fourth quark mass(mt/) and the 
product of quark mixing matrix clcmcnts(r5(,) for both n and r channels. But, its 
magnitude is a decreasing function of both rrit' and rgb- So, the existence of fourth 
generation of quarks will suppress the magnitude of (Pl) and (PjT 



The normal polarization following from Eq. (25) is proportional to the imaginary 
parts of the combination of the products of the Wilson coefficients, mf and r^b- 
There arc two different contributions to the non-zero value of (-P/v)- First, is due to 

the imaginary part of the Cg-^-^ , while the second, is due to (psb, which we assume to 
be ~ 90° in this work, and which therefore makes a purely imaginary contribution to 



Eq. (7). Moreover, since ^-Pjv) proportional to the lepton mass, for the // channel 
it is negligible in the SM3 and the SM4(/P;^\ ~ 1%). For the r case, where 

\ / max 

(^Pn) ~ 1% in the SM, it shows stronger dependence on (me, rgb)- It is interesting 
to note that (-Pat) ~ 5% at 300 < mf < 400(GeV). Therefore, measurement of the 
Ppj \ for T channel can serve as good clue for existence of fourth generation of quarks. 



Our numerical analysis for the combined lepton and antilepton polarizations leads to 
the following results. 



In the — > hmit, (Pl + Pl) practically coincides with SM result. 



For r case, \Pl Pl) exhibits strong dependence only on m,-, rather than the new 
parameters(mt/, rsb) and practically there is no difference between the result of SM 
with three generations. 



Situation for the combined (^Pj. — PjTy polarization is as follows. 

For the /i channel, (^Pj^ — Pr^"^ is approximately zero in the SMS and the SM4. 

In the r case, (|P^ — P^'^ is observed to be strongly dependent on new parameters 
{mt',rsb)- {Pt ~ Pt'} decreasing for increasing values of both [mt',rsb)- The mag- 
nitude of ^PjT — P^^ for the r channel lies in the region (0.25 -r- 0.85) depending on 
the variations of the {mf , Tsb) ■ 



• Numerical calculations show that the combined ^P^ + Pj^y polarization, exhibits 
strong dependence on the {nit', T^sb)- 

(^P^ + P^^ is approximately zero for // channels in the SM, but considering the SM 
with four generations, it receives the maximum value of around 1% at 300 < m^/ < 
400(GeV). It may be hard for it to be measured in future experiments i.e., at LHC, 
unless a large amount of Af, (i.e., ~ 10^^) are created. But, measurement of non zero 
value(~ 1%) of (^P^ + Pjv^ for /j, case will be the direct indication of new physics 
effects. 

The situation for r case is more interesting. The considerable (~ 6 times) enhance- 
ment can be seen at 300 < rrit' < 400(GeV) in the magnitude of <^P^ + P^^ . The 

measurement of <^P^ -|- P^^ for r case can serve as a good tool when looking for the 
fourth generation of quarks. 

From these analyzes we can conclude that the measurement of the magnitude of not only 
the total branching ratio but also (Pj ) ^-iid (^P~ + {—)P^^ {- sign is for the transversal 
polarization case) is an indication of the existence of new physics beyond the SM. 

In conclusion, we present the analysis of the total branching ratio and the lepton po- 
larizations in the exclusive Af, — > Ai~i~^ decay, by using the SM with four generations of 
quarks. The sensitivity of the total branching ratio, longitudinal, transversal and normal 



polarizations of as well as lepton-antilepton combined asymmetries on the new param- 
eters that come out of fourth generations, are studied. We find out that both the total 
branching ratio and the lepton polarizations show a strong dependence on the fourth quark 
(mf) and the product of quark mixing matrix elements {V^Jfyfs = Tsbe^'^"''). The results can 
serve as a good tool to look for physics beyond the SM. 
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Figure captions 

Fig. (1) The dependence of the branching ratio for the —>■ A/x"'"/x~ decay on the fourth 
generation quark mass rrit' for three different values of rgb- 

Fig. (2) The same as in Fig. (1), but for the r lepton. 

Fig. (3) The dependence of the longitudinal lepton polarization asymmetry for the 
Aft — > h.ix^ix~ decay on the fourth generation quark mass m^/ for three different values of Tsb- 

Fig. (4) The same as in Fig. (3), but for the r lepton. 

Fig. (5) The dependence of the transversal lepton polarization asymmetry for the A;, — > 
A/x+//~ decay on the fourth generation quark mass m^/ for three different values of Tgh- 

Fig. (6) The same as in Fig. (5), but for the r lepton. 

Fig. (7) The dependence of the normal lepton polarization asymmetry for the A^ Ar^r~ 
decay on the fourth generation quark mass m^/ for three different values of Tgh- 

Fig. (8) The dependence of the combined normal lepton polarization asymmetry for the 
Aft — > At^t~ decay on the fourth generation quark mass mj/ for three different values of Tgh- 

Fig. (9) The dependence of the combined transversal lepton polarization asymmetry for 
the Aft — > Kt'^t~ decay on the fourth generation quark mass for three different values 

of Tsh- 
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